Introduction
The appropriate evaluation of seizure outcome following epilepsy surgery is of paramount importance as seizure freedom is pivotal to improved quality of life. 1 The most widely used outcome classification is the Engel system, 2 which has been both complimented and criticised for including subjective patient opinion. Based upon these disadvantages and the principle of designing a more objective system, a new classification was proposed by the International League Against Epilepsy (ILAE) Commission on Neurosurgery in 2001. 3 Whatever seizure outcome classification is used, it must be applicable with a good degree of inter-rater agreement to facilitate interpretation of the peer-reviewed literature and promote its use in clinical practice. We are not aware of any published evaluation of the inter-rater agreement of the ILAE or Engel classifications. Subjective judgements required for the Engel classification may reduce its reliability, particularly when assessing seizure outcome following paediatric epilepsy surgery.
Our study evaluated the inter-rater agreement of both the Engel and ILAE seizure outcome classification systems in a consecutive series of adults and children treated by a UK epilepsy surgery service.
Methods
We retrospectively analysed the medical records of consecutive patients who underwent resective and disconnective epilepsy surgery for medically intractable seizures at Southampton University Hospital between 2001 and 2009. Seizure outcome was rated for all patients with more than one year's follow-up, using the ILAE and Engel classifications (Table 1) , by two surgical trainees of the same training grade who had completed general medical residencies. Both read the criteria for each classification prior to starting, with supervision by a Consultant paediatric neurologist (FJK). The observers then independently rated patients in random sequence, using patient medical records of last available follow-up by any senior member of the multidisciplinary epilepsy surgery program. Only the first operation and seizures beyond the first four weeks of surgery were included. Patients with insufficient medical records to permit valid classification were excluded. Patients with less than The inter-rater reliability, expressed as kappa score, k, of the Engel and International League Against Epilepsy (ILAE) classifications of epilepsy surgery seizure outcome has not previously been evaluated. In a consecutive series of 76 patients (40 male; 25 children), 75 undergoing resective and 1 disconnective surgery at a mean age of 27.5 years (13 months-62 years), one observer classified 88% (n = 67) and a second observer classified 87% (n = 66) of patients as either Engel I or II (free from or rare disabling seizures) after a median follow up of 36 months (range 12-92 months); comparably, both observers classified 84% (n = 64) as ILAE 1-3. Correlation for Engel versus ILAE for observer 1 was 0.933 (p < .0005) and for observer 2 was 0.931 (p < .0005). Both ILAE (k 0.81, 95% confidence intervals 0.69, 0.91) and Engel (k 0.77, 95% CI 0.65, 0.87) classifications have very acceptable inter-rater reliability as well as significant correlation.
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two years follow up were classified into Engel classes based on one year's assessment to facilitate comparison with the ILAE classification. 4 The inter-rater agreement and 95% confidence intervals were computed using unweighted kappa statistics for all patients and also for resective surgery and paediatric subgroups. Kappa was also calculated for Engel major subgroup classifications I-IV only. Data were analysed using SPSS version 17.0 for Windows and kappa values generated using Stata/SE version 11 (Statacorp, 2009) and classified according to Altman. 5 Pathology of patients who underwent resective surgery was classified based upon the formal neuropathology reports.
Results

Overall outcome
Of the 99 patients undergoing surgery in the time period (104 operations), 76 patients (77%) met the follow-up criteria for inclusion in the study (Table 2) . Neither rater excluded patients due to a lack of necessary information to permit a valid classification. Twenty-three patients were excluded as follow-up was under 1 year. Forty patients were male and 25 children (aged <18 years). The median length of follow up was 36 months (range 12-92 months). Mean age at surgery was 27.5 years (13 months-62 years). Seventy-five (99%) patients underwent resective surgery for a variety of pathologies (Table 2) and one patient (a child with Down syndrome and intractable drop attacks) had disconnective surgery.
Seizure outcome is shown in Table 3 . Overall, Observer 1 classified 88% (n = 67) and Observer 2 classified 87% (n = 66) of patients as either Engel I or II (free from or rare disabling seizures). Comparably, both observers classified 84% (n = 64) as ILAE 1-3, with 74% (n = 56) and 68% (n = 52) completely seizure free on last follow-up (ILAE 1). Correlation for Engel vs ILAE for observer 1 was 0.933 (p < .0005) and for observer 2 was 0.931 (p < .0005). 
Inter-rater agreement
The inter-rater agreement (and 95% confidence intervals) for the ILAE and Engel classifications is shown in Table 4 . For the ILAE classification of resective surgery patients, there were 13 discordant cases between Observer 1 and 2. The majority of discordant cases differed by only one class (10 patients) while the remaining 3 differed by 2 classes. Discordant cases were not clustered to a particular ILAE class but were spread evenly across classes 1-5. When classified as Engel I-IV, there were 16 discordant cases. Similarly, 14 cases differed by only one class and 2 by two classes. Subgroup analysis of the resective paediatric group showed very good kappa values with similar confidence intervals, using either classification. The inter-rater agreement for classification into Engel major categories I-IV only (k = 0.76) was similar to Engel minor subcategory classification (Ia-IV). The majority of resective surgery patients were classified as seizure free since surgery (Engel 1a or ILAE 1a). When excluding this patient group, inter-rater reliability remained good; Engel k = 0.67 (95% CI 0.50-0.85), and ILAE k = 0.65 (95% CI 0.46-0.82).
Complications
There were no deaths or permanent neurological deficits in this series. One patient developed a CSF leak requiring ventriculoperitoneal shunt placement and one case required extradural haematoma evacuation.
Discussion
Seizure outcome classification
Outcome measures used by more than one individual, both locally and across multiple institutions for audit and research, inform our understanding of the likelihood of a good surgical outcome when counselling patients during surgical evaluation. The most widely used Engel classification has been criticised for its subjective elements, such as 'worthwhile improvement' and 'rare' seizures, 3 as these may make comparisons between different centres difficult, 6 and may impact upon inter-rater agreement. Due to these disadvantages a new classification, based upon the Engel system, was proposed by the ILAE Commission on Neurosurgery in 2001. 3 It reports outcome based upon frequency of postoperative seizure days, and does not include subjective classification of seizure control or quality of life, theoretically making it more objectively measured, equally applicable to different seizure types, individuals, sample populations and different time periods including last available outcome. Studies have compared it with the Engel system, 4,7 with regard to health related quality of life, 8 as well as reporting utility alone, 9,10 but we are not aware of any previous comparison of inter-rater reliability. Our study suggests that the ILAE classification has a very high degree of inter-rater agreement. Despite its subjective components, the Engel classification has a lower, yet still very acceptable, degree of inter-rater agreement, in both main and subcategory form.
Paediatric seizure outcome
No paediatric specific outcome scales are widely used but existing systems should facilitate collaboration and comparison between centres. 11 Our study found both classifications had very good inter-rater reliability (Table 4) in the paediatric population undergoing respective surgery for intractable epilepsy. Although most outcomes using the Engel system have been classified retrospectively, the ILAE system, when proposed, was strongly advocated for prospective studies. Our study is potentially limited by its retrospective nature and number of cases but no cases were excluded due to insufficient documented information to facilitate classification. In fact the correlations between the scales for each observer were highly statistically significant. Prospective studies of outcome might demonstrate a greater degree of inter-rater agreement than our own. Our study is also limited by the small number of raters of the same training level who are not epileptologists. Although it is possible that classification by different members of multidisciplinary teams of varying experience may affect rater agreement, our study is a good test of real-life inter-rater reliability as outcome tools should be easy to use and reliably applicable by non-experts. Neither classification is designed to be applied by specific experts from multidisciplinary teams. 3 In summary, the current body of literature reporting seizure outcome based upon Engel's classification is likely to have an acceptable degree of inter-rater agreement. The more recent ILAE classification has a very good degree of inter-rater agreement.
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